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INTRODUCTION 
Maximum yield is the major concern of plant scientists. 
It concerns botanists, geneticists, biochemists, plant 
physiologists, agronomists, plant breeders, mathematicians, 
farmers, and many others. Achieving maximum yield requires 
that all work together. To study the relationship between 
the characteristics of a crop plant and its susceptibility to 
disease is an example of the need for interdisciplinary 
cooperation. 
Stalk, rot is a disease complex caused by several dif­
ferent species of fungi and bacteria, and is of major economic 
importance in many regions of the world. In the United States 
the disease is most common in the Corn Belt. It is the most 
destructive disease of maize in Iowa. Worf and Foley 
(1963) reported maize yield losses up to 25%. 
Resistance of maize to stalk rot involves many physio­
logical, morphological, and perhaps functional characteris­
tics, which are in turn influenced by other factors. Several 
reports, some conflicting, have been published associating the 
degree of stalk rot susceptibility to carbohydrate content 
in the maize stem= Other reports have correlated stalk rot 
resistance to the amount of phenolic substances in pith 
cells. Pith cells of both susceptible and resistant 
genotypes contain these substances. 
Most studies dealing with physiological and biochemical 
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changes and their effect on disease infection have been con­
cerned with leaf diseases (rust and powdery mildews). None 
of these investigations was made to study the effect of the 
photosynthetic efficiency on the development of disease or 
vice versa'. Also, no investigation has been reported on the 
relationship between development of stalk rot and the carbon 
dioxide exchange rate (CER), Photosynthetic capacity of 
leaves is important in monitoring the physiological condition 
of the stalk while the ear develops. Grain fill period is 
the period when the severity of stalk rot is greatest. 
The research reported in this dissertation was conducted 
with cooperation between the Agronomy and Botany (Plant 
Pathology) departments. 
The objective of this study was to evaluate the relation­
ships among photosynthesis (CO^  exchange rate), carbohydrate 
fractions in the stalk, and the spread of stalk rot diseases 
within maize varieties of different susceptibilities to 
stalk rot. 
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REVIEW OF LITERATURE 
Photosynthetic Rate 
Intraspecific variation 
In recent years the existence among and within species 
of variation in photosynthetic efficiency as determined by 
COg exchange rate (CER) has been demonstrated. 
Crosbie et al, (1977) reported a difference in CER among 
64 inbred lines. The range was from 13.5 to 62.0 mg COg 
-2 -1 dm hr in one year and was from 24,3 to 41.2 mg COg 
-2 -1 . dm hr in another. Combined across years, CER ranged from 
21,8 to 51.6 mg COg dm ^  hr ^ . 
A wide CER range (48 to 68 mg COg dm ^  hr ^ ) has been 
reported (Musgrave, 1970). He reported a substantial range 
between averages of high and low groups of each inbred, 9-79 
mg COg dm ^  hr ^  for C153, 16-66 for NY821, 11-56 for B8, 
-2 —1 
and 19-57 mg C02dm hr for OhSlA. 
Heichel and Musgrave ( 1969) found large differences in CER 
among 27 maize varieties grown in a tropical climate and 7 
varieties grown in a temperate climate. In the temperate 
varieties the rate ranged from 21 + 2 to 40 + 4 mg CO^  dm  ^
hr ^  among inbreds, while the range in tropical inbreds was 
f rom 2 8 + 2 to 85 + 3 mg CO^  dm ^  hr ^ . 
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Carbohydrates level in maize stalk 
Maize lines vary in the level of carbohydrates and other 
chemical compounds. Zuber et al. (1957) reported differences 
in several chemical constituents of the stalk among selected 
lines of maize. Craig and Hooker (1961) reported large dif­
ferences among 12 inbred lines in sucrose and reducing sugar 
levels of stalks. 
The carbohydrate level in maize plants differs from part 
to part and depends upon sample times. Fairey and Daynard 
(1978a) found that whole plant dry matter contained approxi­
mately 23% sugars and 2% starch during the early stage of 
grain development, but with advancing maturity, sugar concen­
tration declined to 8%, whereas starch concentration increased 
to 16%. The sugar concentration in the cob plus grain dry 
matter declined from 36 to 9% between 10 and 31 days after 
silking. During the same period, the concentration of starch 
in the dry matter of the cob plus grain increased from 5.5% 
to 41.3%. They reported that sugars were the principal stor­
age carbohydrate in the stem and that sugar level in stem dry 
matter increased during early kernel growth and then declined. 
Starch level in the stem was less than 2% of stem dry matter. 
However, the starch level in the stalk varied from detectable 
(Hoyt and Bradfield, 1952) to 11-17% of stalk dry matter 
(Nishikawa and Kudo, 1973). These results supported Daynard 
et al. (1969) who concluded that soluble carbohydrates accumu­
late in maize stems during the early stages of kernel growth 
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and then decline towards grain maturity. 
While Morris (1931) and Sayre et al. (1931) reported 
that sucrose in maize stalks reached a peak one week before 
fertilization of ears and then decreased with maturity, 
Van Reen and Singleton (1952) found that inbred lines reached 
a peak of sucrose content about 3 weeks after pollination 
which ranged from 5-15% sucrose depending on the hybrid line. 
Cummins (1970) found that total available carbohydrates was 
high up to 3 weeks after the late milk stage and then de­
creased to physiological maturity. 
Van Reen and Singleton (1952) reported that the first 
internodes above the uppermost brace roots of five inbred 
lines of maize at the whorl stage had less than 0.2% sucrose 
and 2% total sugars. Fairey and Daynard (1978a) found that the 
relative decline in stalk sugars increased with successive 
internodes up the stem, and that root dry matter contained 
less than 5% sugars which then decline to physiological 
maturity. 
Carbon dioxide exchange rate (CER) and carbohydrate level 
Differences in CER have been correlated with differences 
in concentrations of carbohydrates in the leaves, but there 
are different views on the particular compound responsible. 
Habeshaw (1973) reported that CER was related to changes in 
concentration of soluble sugars. This view was opposite 
that of Milford and Pearman (1975). They reported 
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that these changes in photosynthesis were more related 
to changes in starch content than to changes in the con­
centration of soluble sugars. However, no research has been 
reported about the relationship between CER and stalk carbo­
hydrates . 
It has been well-known that CER increases with increasing 
light level. Knipmeyer et al. (1952) indicated that sugar con­
tent of all hybrids used in this study decreased in a uniform 
manner with decreases in light level. Forde et al. (1975) 
reported that the relative growth rate of Paspalum dilatatum 
was closely correlated with the mean hourly CER of the plant 
during the day. Starch varied from 0.8 to 5.3% of leaf dry 
weight at the end of the night and from 3,0 to 11.6% at the 
end of the day. 
Defoliation and carbohydrate level 
The relationship between removing the functional leaves 
and dry matter accumulation or grain yield has been well-
demonstrated, Leaf removal in maize at or after silking can 
cause a large reduction in grain yield (Allison and Watson, 
1956; Hanway, 1969; Jain, 1971). Allison et al. (1975) 
reported that defoliation caused a decrease in stem mass at 
final harvest which was greater in the low density than 
the high density. Tallenoor and Daynard (1978) found that 
soluble-solid content in maize stems declined rapidly after 
leaf removal, indicating an accelerated utilization of soluble 
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carbohydrates from the stem for grain development. 
Sucrose and reducing sugar levels in maize stalks de­
clined with an increase in defoliation. The reduction in 
sucrose was large enough to account for the total sugar re­
duction (Singh and Nair, 1975a). Similar results have been 
reported for wheat. Buwai and Trlica (1977) reported that 
undefoliated western wheatgrass had more carbohydrate re­
serves than did the defoliated plants. 
The time of defoliation can determine the reduction in 
grain yield and carbohydrate levels. Egharevba et al. (1976) 
reported that defoliation within 30 days after silking reduced 
total accumulated dry matter. Early defoliation (at lOth 
fully open leaf stage) did not reduce the grain yield as much 
as 12 days after silking, which in turn was less effective 
than defoliation at full bloom stage (Singh and Nair, 1975a). 
Leaf contribution of dry matter to stalk depends on its 
relative position on the stalk. Fairay and Daynard (1978b) 
using reported that the third leaf below the ear contribu­
ted (mainly sugars) approximately three times as much as the 
ear leaf or the third leaf above the ear. These results sup­
port those by Kiesselbach and Lyness (1945), who found a 60% 
reduction in grain yield by removing all leaf tissue above the 
ear, whereas removal of all leaf tissue below the ear reduced 
yield by only 20%, Similar results have been reported by 
Krishnamurty et al. (1976) and Schmidt and Colville (1967), who 
demonstrated that the top leaves were relatively more important 
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than the bottom ones. Egharevba et al. (1976) reported that re­
sults from removing all leaves above the ear were not much dif­
ferent from those obtained by removing all leaves below the ear. 
Plant density and carbohydrate level 
Considerable work has been done on the effect of planting 
rate on grain yield of corn hybrid (Rutger, 1971; Colville, 
1966; Rutger and Crowder, 1957; Lang et al., 1956), but rela­
tively little has been reported on the carbohydrate concentra­
tion or yield of inbred lines at different plant densities. 
The relation between maize population density and carbo­
hydrate levels is not clear yet. While Knipmeyer et al. (1962) 
and Williams et al. (1968) have reported that the sugar con­
centration in maize stalks is independent of population den­
sity, McAllan and Phipps (1977) found that total soluble sugar 
level increased by increasing plant density (shoot soluble 
sugar content was 74 and 93 g/kg dry matter for 50,000 and 
150,000 plants/ha, respectively, immediately prior to 
ensiling). On the other hand, Allison (1969) and Singh and 
Nair (1975b) found that the dry matter accumulation in maize 
stem declines by increasing plant density. 
Maize plant density affects the time at which total solu­
ble sugars in the stalk reach a peak. McAllan and Phipps 
(1977) reported that total soluble sugar content for plants 
grown at 50,000 plants/ha was at a maximum 95 days after 
planting compared with 125 days for plants grown at 150,000 
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plants/ha. Sucrose content of the stems from plants at both 
densities reached a maximum at the same time (early September) 
after vhich they decreased rapidly at low density but slowly 
at high density. 
Ear removal and carbohydrate levels 
The two major components of the reproductive sink size 
in maize are the number of ears per plant and the number of 
kernels per ear. Removal of the ears or poor seed formation 
decrease this sink size which in turn affects other physio­
logical processes (i.e., CER, carbohydrate levels) in plants. 
Iremiren and Milbourn (1978) reported that removal of the 
ear at an early stage increased dry matter content of leaves 
and stems. 
The concentration of sugars and starch increases markedly 
in both upper and lower leaves in defruited plants. This 
increase is greater in the upper leaves than lower ones (Alli­
son and Watson, 1956), Similar results have been reported for 
maize (Moss, 1962) and for barley (Mandahor and Garg, 1975). 
Removing the ears increases the carbohydrate levels in 
the stems. Loomis (1934) found that sucrose increased nearly 
100% in defruited plants= Bunting (1975) indicated that the 
content of hot-water and acid pepsin soluble carbohydrates 
were greater in every shoot component of barren plants than 
in their fertile counterparts. This included marked differ­
ences in stem components during the later stages. 
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Increasing the reproductive sink size (prolific, high 
yielding hybrids) decreases the soluble solids level in stalk 
juice (8-10%) compared to nonprolific, lower yielding hybrids 
(12-14%). Unpollinated plants of all hybrids accumulated 
15-17% soluble solids (Campbell, 1964). 
No differences in carbohydrate levels between defruited 
plants and plants with ears were observed in the first two 
weeks. Bunting (1975) reported that shoot dry matter dif­
fered little between barren and fertile plants harvested 30 to 
60 days after silking, but by final harvest the fertile plants 
were significantly drier and lower in carbohydrate levels than 
barren plants. Sayre et al. (1931) analyzed the stalks of 
control and bagged plants at intervals of 10 days and re­
ported that preventing the fruiting of corn resulted in a 
gradual accumulation of total sugars in the stalks. He found 
that barrenness by drought resulted in similar accumulation 
of total sugars. Van Rasn and Singleton (1952) reported that 
sucrose content of ear-bearing plants reached a peak about 3 
weeks after pollination, while bagged plants averaged 15%. 
No great differences were noted between plants with or 
without ears until 3 or more weeks after pollination at 
which time the stalks without ears were higher in sucrose 
content for a longer period than ear-producing stalks. 
Removal of ears affect leaf senescence. Allison and Wat­
son (1966) reported that lack of pollination or removal of the 
ears after flowering caused premature senescence of the leaves 
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above the ear. Moss (1952) found that the leaves of maize 
plants where pollination had been prevented were still green 
towards the end of the season and had a higher rate of 
assimilation than the senescent leaves of normal plants. 
Photosynthetic rate and stalk rot 
Experiments have been conducted to study the effect of 
leaf diseases on CER. None has been conducted to determine 
the effect of CER on stem disease (i.e., stalk rot). 
Plant leaves infected by a disease organism have been 
shown to have reduced CER. The CER of radish cotyledons in­
fected with Albugo Candida dropped below that of healthy 
cotyledons 4 days after inoculation and declined. Twelve 
days after inoculation the CER of diseased cotyledons was 
40% that of healthy cotyledons based on dry weight, but 70% 
that of healthy cotyledons based on cotyledon area (Black 
/ ' '' et al., 1968). 
Tu and Porde (1968) studied the effect of maize dwarf 
mosaic virus infection on respiration and photosynthesis of 
maize. The CER of systemically infected leaves decreased 
slowly from 3 to 6 days after inoculation. Prominent de­
creases of 20 and 25% were found at 9 and 12 days after inocu­
lation, respectively, which were correlated with the appear­
ance of mosaic symptoms. 
Resistant and susceptible cotton cultivars infected with 
Fusarium vasinfecturn showed a reduction in CER (Krishnamoni and 
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Lakshmanan, 1976), Vidhyasekaran (1974b) reported that CER of 
ragi plants decreased with infection and the amount of inhibi­
tion was less in resistant varieties than in susceptible 
varieties. 
Carbohydrate levels and stalk rot 
An association between the carbohydrate levels in the 
stalks and severity of stalk rot has been discussed in several 
publications. Investigators have reported that resistance to 
stalk rot is associated with high carbohydrate levels in the 
stalk. Most data indicate that any factor which tends to in­
crease sugar levels in maize stalks will reduce the severity 
of infection and vice versa. 
Craig and Hooker (1961) reported no consistent relation­
ship between stalk rot score and sugar content until the fourth 
week after silking of maize inbreds. At that time the most 
susceptible inbreds had the lowest sucrose and reducing sugar 
levels. Sugar content, however, could not differentiate be­
tween resistant and intermediate inbreds. Decreases in sugar 
level after silking were positively associated with senescence 
and'susceptibility to stalk rot. Messiaen (1957) found in 
Franch that hybrid maize,was more resistant when the sugar 
content was higher than 59% in the basal portion of the stem. 
Contreras (1977) showed low and inconsistent correlations 
between soluble levels and Diplodia stalk rot development. 
Wysong and Hooker (1965) indicated that correlation coefficients 
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between stalk rot development and the trend in soluble solid 
content were negative for all three internodes of susceptible 
hybrids, but were positive in resistant hybrids. 
Any factors which decrease the carbohydrate level in 
the stalk increases the susceptibility to stalk rot. Holbert 
et al. (1935) found that chilling and freezing of maize 
stalks, shanks, and ears increased the severity of rot caused 
by Diplodia zea. This suggests that such treatments might 
decrease the carbohydrate levels or cause cell death. 
Some studies have not seen a positive relationship be­
tween sugar levels and stalk rot. For instance, Peterson 
(1929) found no relationship between sugar content of maize 
plant and resistance to seedling blight. Pappelis (1957) 
reported that no direct correlation existed between soluble 
carbohydrate levels and stalk rot ratings. 
Defoliation and stalk rot 
Partial defoliation of maize plants will increase the 
severity of stalk rot. This increase will depend on the 
variety's susceptibility to stalk rot. 
Mortimore and Ward (1964) reported that the stalk rot 
ratings increased in defoliated maize hybrids» Susceptible 
hybrids increased more (100%) than resistant hybrids (82%). 
Pappelis (1963a,b) found that clipping leaves and roots in­
creased susceptibility to stalk rot caused by Gibberella zeae. 
Defoliation does not only increase stalk rot ratings. 
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but results in earlier infection. Holbert et al. (1935) 
showed that stalk tissue of partially defoliated plants was 
infected earlier and to a much greater extent by Diplodia 
zeae following natural and artificial infection than non-
defoliated plants. 
Removing the leaves before the inoculation increases 
stalk rot ratings. Michaelson (1957) reported that cutting 
the leaves off about half way from the top two weeks before 
inoculation with Diplodia zeae or Gibberella zeae increased 
the severity of stalk rot. Koehler (1953) obtained more rot 
when the leaves were cut two weeks before silking than on the 
day of inoculation. Clipping leaves before silking also in­
creased the amount of infection by both fungi. 
Differences between top and bottom leaves affecting the 
severity of stalk rot have been reported. Gates and Morti-
more (1972) reported that removing leaves above the ears in­
creased stalk rot and decreased yield more than did lower 
leaves. Removing lower leaves in susceptible hybrids increased 
stalk rot, but this did not occur in resistant hybrids. The 
upper leaves contributed more in relation to their area to 
stalk rot reduction than those of susceptible plants. Pappelis 
and Katsonos (1959) reported that removal of the lower four 
leaves had little effect on the stalk rot or pith condition 
ratings. 
However, Hoadly (1942) reported that defoliated plants 
were more resistant than vigorous plants. Similar results 
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•were reported by Jugeriheimer (1940) who removed the tip third 
of each leaf at the time of inoculation and concluded that 
rot resulting from natural infection was about the same on 
clipped and nonclipped plants. 
Plant density and stalk rot 
High plant densities generally make maize more prone to 
stalk rot. First, plant stalks grown under crowded condition 
are smaller in diameter and less stalk rot is required to 
weaken stalks. Second, increasing plant density increases 
lodging (Zuber et al., 1957) which also increases the suscepti­
bility to stalk rot. Third, increasing plant density increases 
the competition for light, water, and minerals. Mortimore and 
Gates (1972) reported that a reduction in competition for both 
light and water decreased stalk rot in resistant hybrids by 
53% and in susceptible hybrids by 20%. However, some hybrids 
appear to be better competitors than others when eroded 
(Stringfield and Thatcher, 1947; Krantz and Chandler, 1951). 
Increasing plant density from 5,000 to 25,000 plants/acre 
increased Dinlodia stalk rot from 2.9 to 3.9, and Fusarium 
stalk rot from 1.7 to 2.5 for two hybrids inoculated 10 days 
after tasseling (Wilcoxson and Covey, 1963). Doupink and Wy-
song (1970) reported that increasing plant density from 15,000 
to 35,000 plants/acre increased stalk rot ratings 400% across 
all row spacings. Mortimore and Gates (1969) reported up to 
56.5% of the plants at 49,420 plants/ha had stalk rot at har­
vest. When competing plants were removed at any time up to 3 
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weeks after silking, only 23% of the plants developed stalk 
rot. When the thinning vas delayed another week there was a 
sharp increase in the proportion of plants which finally 
developed stalk rot. 
Resistant and susceptible plants differ in their reac­
tion to stalk rot under high plant density. Mortimore and Ward 
(1964) reported that increasing plant density from 15,000 to 
25,000 plants/acre increased stalk rot ratings from 88,6 to 
91,5% for susceptible hybrids and from 0.7 to 10.8% for resis­
tant hybrids. Bargida et al. (1975) found that increasing 
2 plant density from 5 to 14 plants/m resulted in more stalk 
rot for susceptible and moderately susceptible cultivars, while 
the resistant cultivars tolerated high densities. 
Gupta and Renfra (1970) reported that increasing plant 
density from 25,000 to 50,000 and 75,000 plants/ha failed to 
increase stalk rot ratings significantly. Stalk rot ratings 
were 6.20, 6.26, and 5,31 for the three plant densities, re­
spectively. 
Ear removal and stalk rot 
Removal of the ears increases the carbohydrate levels in 
maize stalks which helps maintain a good physiological condi­
tion. This in turn helps to reduce the severity of stalk rot. 
Koehler (1953) stated that plants without ears had less 
incidence of stalk rot. He reviewed the data indicating that 
the earless stalks: (1) remained green until harvest, 
17 
(2) had greatly reduced nodal infection, and (3) had lower 
stalk rot ratings than ear bearing plants. Pappelis (1957) 
reported that removal of ears tended to reduce incidence of 
Diplodia stalk rot. In DS420, a susceptible inbred, the 
spread of the fungus was confined to the inoculated internodes 
in defruited inbreds, but in inbreds with ears the pathogen 
spread throughout the nodal tissue and into adjacent inter­
nodes. Michaelson (1957) similarly reported that stalks with 
ears removed had lower but nonsignificant stalk rot ratings 
than plants bearing ears. 
The time of removing the ears also affected the severity 
of stalk rot. Mortimore and Wall (1965) found that when ears 
were removed 3 weeks before physiological maturity there was 
a reduction in stalk rot compared to hybrids with ears. Ear 
removal at physiological maturity had little or no effect on 
stalk rot. Stress associated with ear development thus began 
to affect susceptibility 2-3 weeks before physiological ma­
turity, although ear removal even one week before maturity 
markedly reduced stalk rot. 
Plants with ears removed stay green until harvest. This 
means that removal of the ears affect cell death. Pappelis 
and Katsonos (1959) indicated that cell death pattern was 
affected by ear removal in all inbreds studied. In a sus­
ceptible inbred (0S420) nodal death and whole plant cell 
death were slightly delayed as a result of ear removal. In 
18 
a resistant inbred (C103) dead cells in nodal tissue were 
observed only in a few stalks late in the study period. 
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MATERIALS AND METHODS 
Three field experiments were conducted in 1976 and 1977 
to evaluate the relationship between photosynthesis and stalk 
rot ratings among 16 inbred lines of maize (measured by COg 
exchange rate, CER), nonstructural carbohydrates (NSC), su­
crose and stalk rot disease in maize. These experiments were 
conducted on the Agronomy Farm (west of Ames) and on the 
Hinds Irrigation Farm (north of Ames). 
Experiment 1 
This experiment was conducted to determine the relation­
ship between 16 inbred lines of maize. 
Sixteen inbred lines were selected for a range in stalk 
rot reaction from resistant to susceptible (Table l). The 
experimental design was a complete randomized block with three 
replications. 
The experiment was hand-planted on the Agronomy Farm on 
5 May 1976, and on the Hinds Farm on 30 April 1977. Each in­
bred line was planted in one row in 1976, and in two rows in 
1977. The rows were 5 m long, 76 cm apart, had 33 cm between 
hills and was double planted. Each row was later thinned to 
establish stands of 16 plants per row. 
The date of 50% silking was established for each line 
(Table l). Twenty days after silking one-half of each row 
was inoculated with spores of a stalk rot pathogen. In 1976 
the fungus Diplodia zeae (Schw.) Lev. was used. In 1977 both 
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Table 1. Date of 50% silking for the 16 inbred lines in 
1976 and 1977 
Prediction of 
stalk rot ratings 
Inbred 
lines 
Date for 50% silking 
1976 1977 
Resistant C103 Jul 29  Jul 19 
B2 Aug 7 Jul 25 
B14 Jul 30 Jul 19 
B73 Jul 26 Jul 19 
Moderately resistant B57 Jul 30 Jul 21 
B77 Jul 31 Jul 20 
B76 Jul 28 Jul 16 
N7A Jul 28 Jul 19 
Moderately susceptible B67 Jul 25 Jul 19 
WF9 Jul 28  Jul 19 
Va26 Jul 30 Jul 21 
B45 Jul 29 Jul 17 
Susceptible B70 Jul 27 Jul 16 
187-2  Jul 31 Jul 24 
0h41 Jul 31 Jul 19 
OS 420 Aug 6 Jul 26 
Diplodia zeae and Fusarium roseum were used, CUg 
exchange rate (CER), sucrose level, nonstructural carbohydrate 
(NSC) level, leaf area per plant (LA), and stalk rot rating 
were measured on each row for both inoculated and noninocu-
lated plants. 
Experiment 2 
Two inbred lines, B70 and B14, were used to evaluate the 
influence of 5 defoliation treatments on carbohydrate level 
and stalk rot rating. The experimental design was a split 
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plot with three replications. The inbred lines were the 
main plot and the defoliation treatments were the subplot. 
The five devoliation treatments were: 
FO Control 
F-1/2 T 50% of the leaf blades above the ear were 
removed 
F-l/2 B 50% of the leaf blades below the ear were 
removed 
F-T 100% of the leaf blades above the ear were 
removed 
F-B 100% of the leaf blades below the ear were 
removed. 
The experiment was hand-planted on the Agronomy Farm 
on 5 May 1976 and on the Hinds Farm on 30 April 1977. The 
rows were 5 m long, 76 cm apart, had 33 cm between hills, and 
were double planted. Each row was later thinned to one 
plant per hill to establish stands of 16 plants per row. The 
date of 50% silking was established for each inbred. One-
half of each row was inoculated with Diplodia zeae (Schw.) Lev. 
spores 20 days after silking. Sucrose level, NSC level, and 
stalk rot rating were measured both years. 
Experiment 3 
Two inbred lines, B70 and B14, were used to evaluate the 
influence of plant density and ear removal on carbohydrate 
level and stalk rot rating. The experimental design was a 
split-split plot with three replications. Plant densities 
were the main plots, the inbred lines were the sub-plots. 
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and ear removal treatments were the sub-sub-plots. 
The plant density treatments were» 
P-1 30,000 plants/ha 
P-2 60,000 plants/ha 
P-3 90,000 plants/ha 
The ear removal treatments were: 
E control (with ear) 
EO without ear. 
The experiment was hand-planted on the Agronomy Farm on 
5 May 1976 and on 7 May 1977. The rows were 5 m long, lOl cm 
apart, had 33 cm between hills and were doubled planted. Each 
row was later thinned to one plant/hill for 30,000 plants/ha, 
two plants/hill for 60,000 plants/ha, and three plants/hill for 
90,000 plants/ha. The date of silking was recorded for each 
inbred. Ears were removed from appropriate plants when they 
first appeared. The plants were periodically checked and 
any new ears were removed. The plants were inoculated 20 
days after silking with spores of Diplodia zeae (Schw.) Lev. 
Sucrose level, NSC level, leaf area per plant (LA), and stalk 
rot rating were measured both years. 
Stalk rot inoculation 
Diplodia zeae (Schw.) Lev. was used both years as 
stalk rot organism. Fusarium roseum was added as an 
additional treatment for the photosynthesis experiment (#l) 
in 1977. Both fungi were grown on sterilized oat culture 
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3-4 weeks before inoculation. Plants were inoculated by-
puncturing the second internode with a steel needle and in­
jecting the inoculum into the puncture. Injection was accom­
plished by using a steel needle with an opening in its side 
and allowing the inoculum to flow by gravity (Smith et al., 
1938; Hooker, 1957). Each inbred was inoculated 20 days after 
silking (Koehler, 1960; Young et al., 1959). 
Susceptibility to stalk rot was established 25 days after 
inoculation (45 days from silking) by measuring the amount of 
discoloration in the stem of 5 inoculated plants for each 
row (Hooker, 1956; Koehler, 1950). This was accomplished by 
splitting the stalks lengthwise with a sharp knife. The area 
of internodal discoloration was made visually using a scale 
of 1 to 5; 1 being the most resistant and 5 the most sus­
ceptible (Hooker, 1957). 
The rating scale used wass 
1 - Up to 25% of the inoculated internodes discolored 
around the inoculation hole 
2 - 26% to 50% of the inoculated internodes discolored 
around the inoculation hole 
3 - 51% to 75% of the inoculated internodes discolored 
around the inoculation hole 
4 - 76% to 100% of the inoculated internodes discolored 
around the inoculation hole 
5 - 100% of the inoculated internodes and the nodal and 
internodal tissue of adjacent internode discolored. 
24 
Carbon dioxide exchange rate (CER) measurements 
An open system, described by Pearce, Crosbie and Mock 
(1976) was used to measure CER of excised leaves. The CER 
was measured both years during early grain filling. The third 
leaf from the top was sampled by excising the distal 20 cm, 
placing the excised tissue in moist paper towels and trans­
porting them to the laboratory. In an effort to avoid mois­
ture stress, all sampling was completed by 1100 hours. 
The photosynthetic photon flux density (PPFD) for the 
-1 -2 1975 CER measurements was 2000 (j,E sec cm . In 1977, three 
PPFD levels were used, 200, 500, and 2000 p,E sec ^ cm ^ , to 
determine if the relationship between CER and stalk rot would 
be different at different PPFD levels. 
To measure CER, a rectangular section, 11.71 cm long 
2 
and 1.51 cm wide (18.85 cm ), was cut from the margin of each 
leaf, placed between slides and inserted into a precondition­
ing chamber « Each leaf section was preconditioned 20 to 30 
minutes and transferred into the CER measurement chamber. The 
amount of COg taken up by the leaf section was calculated as 
the difference between CO^  concentration of air entering the 
CER chamber and the air leaving it. This COg differential 
was automatically measured by a Beckman model 865 infra-red 
gas analyzer. Measurement for each leaf was terminated 
when CER attained equilibrium. This usually was achieved 
in three to five minutes after the leaf section was placed 
in the measurement chamber. 
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Leaf area (LA) determination 
Leaf area was determined both years for the 15 inbred 
lines in experiment 1 and for the different plant densities 
in experiment 3. In 1976, a hail storm hit the experiments 
in mid-June causing severe leaf damage. For this reason, the 
total leaf area per plant was measured on 10 August 1976 
for all the inbred lines in the first replication. The rela­
tionship between the leaf area of the whole plant to the 
seventh leaf (from the top) was established and was used to 
determine leaf area (LA) in all other replications. The leaf 
area was determined in 1977 using the method described by 
Pearce et al. (1976). 
Carbohydrate determination 
Each inbred was sampled twice each year, once at inocula­
tion [20 days from silking (S-20)], and at 45 days from 
silking (S-45). For the first sampling, 4 plants were 
sampled from the middle of each row of all experiments to 
measure sucrose, and NSC levels. For the second sampling, 
5 inoculated plants and 4 noninoculated plants were sampled 
from each row for measurements of sucrose, NSC, and stalk 
rot. Sucrose and NSC were measured for both inoculated 
(S-45I) and noninoculated plants (S-45). All samples were 
taken between 800 to 1100 hours. The samples were tagged, 
collected in plastic bags and immersed in chipped ice before 
being transported to the laboratory. 
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In the laboratory the samples were rearranged and grouped 
according to replication. The second internode, the second 
and third nodes, and a small part from the first and third 
internodes were used for measuring sucrose and NSC. 
Sucrose determination 
Each plant sample was stripped of leaves and sheaths and 
split lengthwise into four parts. Fresh weight of the sample 
was recorded. Juice from each part was expressed by squeezing 
it with a hand press and the expressed juice collected. A 
Brix (0 to 20%), temperature-corrected, hand refractometer 
was used to measure sucrose level. Each sample was then oven 
dried at 105°C and the dry weight was recorded (Campbell and 
Hume, 1970). Soluble solids were determined by the formula: 
Fresh weight (g) - dry weight (g) x % Brix = soluble 
solids (g). 
Percent soluble solids =  ^ioO% 
In 1976, the samples were stored in a refrigerator 
freezer to the end of the growing season. This determination 
in 1977 took place in the same day the plants were sampled 
from the field. 
Nonstructural carbohydrate (NSC) determination 
The plant samples were dried at 100°C for 2 hours and at 
70°C for 48 hours. The dry samples were ground through a 
40-mesh screen and thoroughly mixed in a paper bag. Just 
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before NSC analysis the plant material was dried at 70°C for 
3 hours, translocated to a desiccator and allowed to cool to 
room temperature. 
Extractions were made by placing 200 mg of sample in a 
test tube with 25 ml of 0,8 N sulfuric acid and refluxing for 
one hour in a boiling yjater bath. The solution was filtered 
and washed with 25 ml of 0.8 N sulfuric acid and hydrolyzed 
for one hour more. The solution was filtered again and washed 
with water. The filtrate was neutralized and increased to 
100 ml with water (Smith et al., 1964). The reducing power of 
all extracts was determined by dinitrosalicylic acid (Miller, 
1959). 
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RESULTS AND DISCUSSION 
Experiment 1 
Carbon dioxide exchange rate (CER) 
The CER varied among the 16 inbred lines (Table 2) for 
both years in the field and for the greenhouse experiments. 
The range was from 26.6 to 59.0 mg CO2 cm ^ hr ^  in 1976, and 
13.3 to 41.8 mg CO^  dm h^r ^  in 1977. Inbred lines B67, B14, 
B57, and B76 consistently showed high CER in all environments 
and WF9, C103, and 187-2 consistently showed low CER in all 
environments. These ranges were comparable to those reported 
for maize inbreds grown in temperate climates (Heichel and 
Musgrave, 1969), and those reported by Crosbie et al. (1977). 
In 1977, the CER increased with increases in photosyn-
thetic photon flux density (PPFD) for almost all inbreds 
(Table 2). The CER response to different PPFD levels varied 
among inbred lines- For example, when exposed to 200 and 
2000 [iE sec ^ cm B57 rate increased from 16.8 to 41.8 mg 
CO2 dm ^ hr ^  (262% increase), while C103 increased from 11.5 
to 16.2 mg CO2 dm ^ hr ^  (68% increase). The variation between 
the inbred lines was small in low PPFD levels, but it increased 
with increasing PPFD levels (Table 2). Similar data were re­
ported by Hesketh and Moss, 1963). 
Table 2. The CO2 exchange rates (CER, mg CO2 dm hr ) at different photosyn-
thetic photon flux density (PPFD), stalk rot ratings fDiplodia (D) and 
Fusarium (F)], and leaf area per plant for the 16 inbred lines grown in 
the field in 1976 and 1977 
1976 1977 
Stalk CER 
rot 2000 fiE la Stalk rot CER 
ratings sec~l (dm^/ ratings 200 fiE 500 p.E 2000 jiE dm2/ 
D cm~2 plant) D F sec~lcm~2 plant) 
B14 3. 07 49 .2 32 .8 2. 2 2  3 .21 14 .7 23, .9 34 .3 72 .3 
B2 3. 53 26 . 6 45 .2 2. 33 1 .66 13 .0 16 .9 22, .6 64 .6 
C103 2. 98 32 .7 29 .7 1. 97 2 .14 11 .5 13, .9 1 6 ,  .2 73 .3 
B73 2. 67 49 .6 35 .5 2. 83 2, .80 14 .1 17, .8 24, .1 64 .0 
B57 3. 37 50, .5 38, .8 1. 72 1, .64 16, .8 25, .2 41, .8 59, .1 
B77 3. 83 42, . 6 44, .1 3. 05 2, .39 14, .0 17, .7 22, .2 73, .5 
B76 2. 53 39, .3 32, .9 2. 89 2, .89 12, .3 17, .3 22. 5 59, .8 
N7A 3. 96 41, .1 28, .7 3. 00 2, .80 14, .7 20, .0 28, .1 53, .4 
B67 3. 24 57, .3 39, .6 2. 47 2, .35 15, .7 22. ,5 33. 6 58, .1 
Wf9 2. 67 34, .9 35. 5 3. 59 3. 30 6. 4 10. 8 13. ,3 76. 0 
Va26 4. 07 39. 9 27. 8 3. 89 4. 64 17. 5 21. ,8 25. ,9 69. .6 
B45 3. 31 53. ,4 35. ,0 3. 47 2. 63 13. 4 17. ,1 19. ,7 71. ,5 
B70 4. 02 34. ,4 30. ,8 3. 05 2. ,96 14. ,4 17. ,9 22. ,4 63. , 6  
187-2 2. 92 26. ,6 22. ,9 2. 83 3. ,17 13. ,0 15. , 8 20. ,7 50. ,1 
0h41 3. 69 37. ,6 27. ,6 3. 22 3. ,67 16. ,7 22. 2 32. 2 58. ,8 
OS420 4. 11 51. ,0 25. ,7 3. 30 3. ,35 13. ,0 18. 1 23. 7 54. ,4 





6 6. 3 0. 99 0. 67 2. 5 3. 0 4. 0 3. 8 
C .V. 22 . 6 15. 7 11. 3 20 .8 14.2 10. 9 9. 7 9. 6 3. 6 
^NS = nonsignificant in this and subsequent tables. 
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Stalk rot ratings 
There were no significant differences among stalk rot 
ratings in 1976 (Table 2), However, in 1977, there were 
differences in stalk rot ratings for both Diplodia and Fusari-
•um (Table 2). Ratings for Diplodia ranged from 2.53 to 4.11 
in 1975 and from 1.72 to 3,89 in 1977. Fusariurn ranged from 
1.54 to 4.54 in 1977. 
The stalk rot ratings were higher in 1975 than in 1977. 
This difference might be due to the dry conditions and hail 
damage which occurred at the beginning of 1976 season. Many 
researchers have reported that hail damage increases the 
susceptibility of maize to stalk rot organisms (Littlefield 
and Wilcoxson, 1962; Pappelis and Katsonos, 1969). 
In 1976, the CER had no correlation with Diplodia stalk 
rot (Table 7). 
In 1977, the experiment was conducted under irrigated 
conditions, which provided the inbreds with a longer growing 
season. This resulted in decreasing the mean stalk rot 
ratings and also decreased the variability which resulted in 
significant differences among inbred lines. 
The CER had a negative correlation with Diplodia stalk 
rot, but no correlation with Fusarium. under high PPFD levels 
in 1977. Under the two lowest PPFD levels there were no sig­
nificant correlations. 
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The nonstructural carbohydrate (NSC) levels 
In 1976, the inbred lines varied in NSC at S-20 and S-45, 
but showed no differences at S-45I (Table 3). The NSC level 
ranged from 14.8% to 27.9% at S-20, from 12.1% to 23.9% at 
S-45, and from 11.7% to 23.8% at S-45I. 
In 1977, the inbred lines varied in NSC level at all 
sample periods and inoculation level (Table 3). The NSC 
level ranged from 19.6% to 29.2% at S-20, from 17.5% to 27.5% 
at S-45, and from 16.3% to 25.3% at S-45I. 
Sucrose levels 
In 1976, the inbred lines varied only in sucrose level 
at S-45 (Tables 4, 5, 6). Sucrose level ranged from 5,5% 
to 8.9% at S-20, from 3.0% to 9.4% at S-45, and from 3.9% to 
7.2% at S-45 I (Table 4). The C.V. was high for sucrose 
analysis in 1976. This might be due to storing the plant 
samples in the refrigerator until the end of the season before 
analysis. 
In 1977, the samples were analyzed the same day they 
were sampled. This resulted in a lower C.V. The inbred lines 
did vary in sucrose level at all sample periods and inocula­
tion levels. Sucrose ranged from 6.4% to l0.5% at S-20, 
from 5.9% to 11.3% at S-45, and from 5.7% to 9.9% at S-45I 
(Table 4). 
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Table 3, Nonstructural carbohydrate levels (%) in maize stem 





S-20 S-45 S-45I S-20 S-45 S-45I 
B14 21.9 19.4 19.2 24.6 23.8 21 .9  
B2 25.3 18.4 19.6 23.6 20.8 18.8 
C103 26.2 23.9 20.6 24.6 25.4 22.3 
B73 23.7 21.5 19.7 24.4 20.8 21.2 
B57 27.9 22.0 23.8 29.2 27.5 24.7 
B77 25.6 17.9 20.7 28.7 26.0 23 .1  
B76 23.3 22.7 21.6 21.3 17.2 18.0 
N7A 25.7 23.1 20.1 22.3 20.9 24.3 
B67 19.2 18.1 21.0 20 .9  24.0 20.6 
Wf9 24.3 18.3 19.9 21.4 17.5 17.7 
Va26 19.2 18.2 18.8 19.6 17.6 16.3 
B45 14.8 12.1 11.7 21.2 19.1 17.0 
B70 24.7 17.2 21.9 27.6 26 .2  25.3 
187-2 22.3 19.8 14.3 26.4 20 .0  18.3 
0h41 21.5 21.3 19.2 22.1 19.7 19.3 
OS420 22.5 13.3 12.3 24.0 21.0 17.8 
X 23.0 19.2 19.0 23.8 21.7 20.4 
^^ 0^.05 6.21 6.68 NS 3.8 5.2 3.8 
®^°0.0l NS NS NS 5.1 6 .9  5.2 
C.V. 16.2 20.9 26.7 9.5 14.2 11.3 
Table 4. Sucrose levels {%) in maize stem (second internode) 




S-20 S-45 S-45I S-20 S-45 S-45I 
B14 6.84 9.39 6.12 9.36 10.7 9 .54  
B2 7.93 6.21 5.52 9.22 8.22 7.21 
C103 8.14 7.65 7 .22  9.78 11.1 8.54 
B73 6.42 3.01 5 .78  9.91 9.04 8.66 
B57 7.11 6.95 6.93 9.02 10.9 8.79 
B77 7.12 4.36 4.56 9.12 9.81 9.22 
B76 6.51 4.37 6.89 6.72 6.51 5.68 
N7A 7.17 4.78 4.97 9.11 7 .16  9.51 
B67 5.50 3.52 5.29 7.44 9.39 6.90 
Wf9 8.97 5.14 5.93 6.83 7.13 6 .18  
Va26 7.17 3.65 4.98 6.40 5.88 5.90 
B45 7.35 5.05 7.30 8.58 9 .39  9.15 
B70 8.22 5.48 6 .17  9.98 11,3 9 .53  
187-2 7.15 5.78 3.87 10.5 9.13 9 .89  
0h41 6.32 5.83 6.21 7.50 8.63 9.52 
OS420 8.25 4.13 5.61 9.28 8 .44  6 .86  
X 7.26 5.33 5.84 8.67 8 .92  8 .19  
^^ 0^.05 NS 2.8 NS 1.70 2.67 1 .93  
^^ O^.Ol NS 3.8 NS 2.29 3.59 2.60 
C.V. 17.9 31.5 37.0 11.8 17.9 14.1 
Table 5. Mean squares from analysis of variance of stalk rot ratings»CO2 exchange 
rate (CER), sucrose level, nonstructural carbohydrate (NSC) level, and 











CER S-20 S-45 S-45I 
Replication 2 0,82 246.7** 0.73 3.64 6.69 
Ihbreds 15 0.87 407.2** 2.28 8.2** 2.87 








S-20 S-45 S-45I LA 
Replication 2 0.19 22.3 13.7 5281 .7 
Inbreds 15 32.2* 32.2* 33.7 1224832 .1** 
Error 30 13.9 16.05 25.7 141905 .5 
*,**SignifiLcant at 0,05 level and 0.01 level of probability, respectively. 
Table 6. Mean squares from analysis of variance of stalk rot ratings, COg exchange rate (CER), 
sucrose level, nonstructural carbohydrate (NSC) level, and leaf area per plant (LA), 




Stalk rot ratings 200 E 500 E 2000 E Sucrose level 
DF Diplodia Fusarium -1 -2 S-20 S-45 S-451 
Replicates 2 0.02 0.50 0.07 0.23 1.33 0.11 0.77 0.87 
Inbreds 15 1.06** 1.69** 21.26** 45.7** 161.5** 4.92** 8.25** 6.55** 




DF S-•20 S-45 S -451 LA 
Replicates 2 18. 6* 14.4 35 .33** 76491.9 
Inbreds 15 25. 7** 33.6** 25 .4** 1965648.5** 
Error 30 5. 09 9.62 5 .31 52270.1 
*,**Significant at 0.05 and 0.01 levels of probability, respectively. 
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Stalk rot ratings as affected by NSC level. and sucrose level 
In 1976, the inbred lines showed a negative correlation 
between stalk rot ratings and NSC level only at S-45I (Table 
7). In 1977, the inbred lines showed a negative correlation 
between NSC level and both Diplodia and Fusarium stalk rot 
ratings for all sample periods and inoculation levels (Table 
7). The resistant inbred lines (low stalk rot ratings) B57, 
C103, B14, B2, and B57 had the highest NSC level and the sus­
ceptible lines (high stalk rot ratings) Va26, Wf9, B45, 
OS420, and Oh41 had the lowest NSC levels. 
In 1976, the inbred lines showed a negative correlation 
between stalk rot rating and sucrose levels only at S-45I 
(Table 7). In 1977, the correlations for Diplodia showed a 
significant negative correlation only at S-45. Fusarium 
showed a significant negative correlation at S-20 and S-45, 
but not at S-45I (Table 7), 
These results were comparable to those reported for 12 
inbred lines by Craig and Hooker (1961). Many other workers 
have reported that resistance to stalk rot is associated with 
a high carbohydrate level in the stalks (Koehler, 1960; 
Holbert et al., 1935; Zuber et al., 1957; Wysong and Hooker, 
1966). A similar relation was found in wheat and Thvphula 
idahoensis (Kiyomoto and Bruehl, 1977), finger millet 
(Eleusine coracona (L)) and Helminthosporium nodulosum 
(Vidhyasekaran, 1974a) 0 However, some investigators have 
reported little to no relationship between sugar concentration 
Table 7. Correlation coefficients between stalk rot ratings or CO2 exchange rate 
(CER, mg CO2 dm~^ hr~l) and sucrose level, nonstructural carbohydrate 
(NSC) level, or leaf area per plant (LA) for the 16 inbred lines in 
1976 and 1977 
1976 1977 
CER CER 
2000_|I E  stalk rot ratina 200 n. E  500 F I . E  2000 U . E  
rating sec _i _o 
Diplodia cm~"2 Diplodia Fusarium sec cm 



















— . 12 
.05 
0.32* 






































LA (dm / 
plant) .12 .03 .06 .01 —. 36' -.29* -.35* 
*j,**Significant at the 0.05 and O.Ol levels of probability, respectively. 
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of plants and resistance to stalk rot (Pappelis, 1957) 
or seedling blight in maize (Peterson, 1929). 
Leaf area per plant (LA) 
Leaf area per plant (LA) varied among inbred lines 
(Table 2). Inbred 187-2 had the lowest LA both years (22.9 
and 50.1 dm ^ /plant for 1976 and 1977, respectively). The 
highest LA in 1976 was B2 (45.2 dm ^ /plant), and in 1977 was 
Wf9 (76.0 dm ^ /plant). The lower LA in 1976 might be due to 
hail damage. 
These inbred lines showed only a significant negative 
correlation between LA and CER in 1977 (Table 7). The re­
sults showed no correlation between LA and stalk rot ratings 
for either year. 
Experiment 2 
Stalk rot rating as affected by defoliation treatments 
There were no differences in stalk rot rating for 
defoliation treatments either year (Tables 8, 9), However, 
the control treatment did have the lowest stalk rot rating 
in 1977. These results were comparable with those reported 
by Koadly (1942) and Jugenheimer (1940). Jugenheimer stated 
that defoliated plants were more resistant than vigorous 
plants. However, other investigators have shown that 
removal of functional leaves from a maize plant increases 
the severity of stalk rot (Michaelson, 1957; Holbert et al., 
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Table 8, Stalk rot ratings, sucrose levels, and non­
structural carbohydrate (NSC) levels as affected 




Sucrose levels Î (%) NSC levels (%) 




3.41 7.52 7.13 6.90 25.5 27.1 25.0 
F-1/2T 3.20 7.22 6.24 5.06 21.8 21.0 23.2 
F-1/2B 3.40 7.67 7.08 6.97 24.5 25.5 21.9 
F-T 3.28 6.52 6.25 6.26 20.3 20.2 19.2 
F-B 2.96 7.37 7.73 6.95 21.5 26.2 23.9 
X 3.25 7.26 6.89 6.43 22.7 24.0 22.6 
^^ °0.05 NS 0.67 NS NS 2.3 4.3 NS 
.01 NS NS NS NS 3.2 NS NS 
C.V. 23.4 7.5 27.5 23.5 8.3 14.6 18.4 
1977 
F-0 2.20 9.36 11.0 9.84 25.8 25.4 27.3 
F-1/2T 2.65 8.25 9.56 7.74 22.0 23.2 22.6 
F-1/2B 2.69 8.57 9.90 9.15 23.9 23.5 25.2 
F-T 2.50 7.17 8.72 6.78 19.3 21.0 17.7 
F-B 2.69 7.62 8.89 8.40 22.9 21.6 22.5 
X 2.61 8.20 9.62 8.38 22.8 23.0 23.0 
^^ 0^.05 NS 1.25 NS NS 1.7 NS 3.0 
^^ 0^=01 NS NS NS NS NS NS 4.1 
C.V. 14.6 12.5 14.5 21.4 5.9 12.0 10.6 
F^-0 = control; F-1/2T = 5C% of the leaf blades above the 
ear were removed; F-1/2B = 50% of the leaf blades below the 
ear were removed; F-T = 100% of the leaf blades above the ear 
were removed; F-B = 100% of the leaf blades below the ear were 
removed. 
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Table 9. Stalk rot ratings as affected by inbred lines and 




B70 B14 B70 B14 
FO 3.73 3.08 2.45 1.95 
F-1/2T 3.53 2.87 2.78 2.52 
F-1/2B 3.74 3.06 3.00 2.39 
F-T 3.36 3.20 2.77 2.22 
F-B 3.53 2.38 2.89 2.50 
X 3.58 2.92 2.91 2.31 
C.V. 23.5 14.6 
1935; Koehler, 1953; Pappelis, 1963a,b). The cause for 
these conflicting results is not Known; perhaps it is due to 
different environments and/or varieties. 
There was no interaction in stalk rot rating between 
inbred lines and defoliation treatments either year (Tables 
10, 11). These results indicate that both the inbred lines 
and the defoliation treatments acted independently on stalk 
rot. However, B70 had higher ratings than B14 both years 
under all defoliation treatments (Table 9). 
Table 10. Mean squares from analysis of variance for stalk rot ratings, sucrose 
level, and nonstructural carbohydrate (NSC) level for experiment 2 in 
1976 




rating S-20 S--45 S-45I S-20 S--45 S-45I 
Replicates 2 0 .41 0 .08 0 .53 1 .93 10 .53 5, .50 46 .8 
Inbreds (I) 1 3 .23 109  .9** 17, .92 51 .17* 1665 , .1** 5, .85 25 .2 
Error (a) 2 0, .23 0. 59 7, .21 4, .14 2. 42 3, ,83 2, .81 
Defoliation (D) 4 0. 22 1. ,19* 2. .45 4, .03 28 ,  .43** 60 .  ,97** 29. 8 
I X D 4 0. ,18 0. ,282 5. ,20 1. . 46  6. ,05 8. ,07 28 .  ,3 
Error (b) 16 0. ,58 0, .298 3. ,60 2. ,29 3. ,55 12. , 32  17. ,3 
*,**Significant at 0.05 and O.Ol levels of probability, respectively. 
Table 11. Mean squares from analysis of variance for stalk rot ratings, sucrose 






Sucrose level NSC level 
DF 8-20 S-45 S-45I S-20 S-45 _ S-45I 
Replicates 2 0.23 1.40 1.96 0.71 1.32 6.40 15.14 
Inbreds (I) 1 2.63 0.25 2.50 2.38 2.55 0.169 17.25 
Error (a) 2 0.176 16.7 3.03 1.11 42.06 11.29 6.21 
Defoliation (D) 4 0.114 4.29* 5.13 8,57 34.66** 18.02 77.36** 
I X D 4 0.132 0.97 1. 84 2.58 2.46 3.79 4.73 
Error (b) 16 0.146 1.05 1.94 3.23 1.82 7.60 6.01 
*,**Significant at 0.05 and 0.01 levels of probability, respectively. 
43 
Nonstructural carbohydrate (NSC) levels as affected by 
defoliation treatments 
Removal of leaf blades at all defoliation levels reduced 
NSC levels both years (Tables 10, 11, l2). There was a sig­
nificant negative correlation between defoliation and NSC 
level in 1977 for all sample periods and inoculation levels, 
but not in 1976 (Table 14). The removal of leaf blades from 
the upper half of the plant (above the ear) reduced NSC level 
by an average of 19% and 20% in 1976 and 1977, respectively. 
Whereas, the removal of lower leaf blades (below the ear) re­
duced NSC level by an average of 7.6% and 14.1% for 1976 and 
1977, respectively. There was no interaction between inbred 
lines and defoliation treatments either year (Tables 10, 11). 
These results indicate that both inbred lines and defoliation 
treatments act independently on NSC levels. 
Sucrose levels as affected by defoliation treatments 
Tfie defoliation treatments reduced sucrose level at S-20 
both years, but did not reduce it at S-45 and S-45I either year 
(Tables 8, 10, 11). The correlation between defoliation treat­
ments and sucrose level showed significance in 1977 only at 
S-20 and S-45 (Table 15). 
Removal of the leaf blades above the ear reduced sucrose 
level at S-20 by an average of 8.6% in 1976 and 15.5% in 1977. 
Whereas the removal of lower leaf blades had little if any 
influence on sucrose level at S-20. The reductions were 0.1% 
in 1976 and 13.5% in 1977. 
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Table 12. Nonstructural carbohydrate levels as affected by 





S-20 S-45 S-45I 
B70 B14 B70 B14 B70 B14 
1976 
FO 31.7 19.4 28.2 26.1 27.0 21.8 
F-1/2T 29.8 13.8 19.7 22.3 2 3 . 8  22.6 
F-1/2B 31.1 17.8 26.8 24.3 25.4 18.3 
F-T 28.6 12.2 21.6 18.8 16.8 21.5 
F-B 29.8 13.2 26.0 26.4 2 4 . 6  23.2 
X 30.2 15.3 24.5 23.6 23.5 21.7 
C.V. 8.3 14.6 
1977 
18.4 
FO 25.6 26.0 25.9 24.9 28.9 25.7 
B-1/2T 22.1 21.9 24.3 22.2 2 3 . 2  2 1 . 8  
B-1/2B 23.1 24.0 23.0 24.1 26.8 23.5 
B-T 20.7 17.9 21.3 20.8 17.7 17.8 










There was no interaction between the inbred lines and 
defoliation treatments both years (Tables 10, 11, 13). These 
results indicate that both inbreds and defoliation treatments 
act independently on sucrose level. 
As expected, the reductions in NSC level were greater 
for removing the leaf blade above the ear than removing the 
leaf blades below the ear (Table 8). Pendleton et al. (1959) 
reported that relative photosynthetic potential was found to 
be approximately twice as high in leaves in the top third of 
the canopy when compared to leaves in the middle third, and 
five times as high when compared to leaves in the bottom third. 
Experiment 3 
Stalk rot ratings as affected by plant densities 
The density of maize did not affect stalk rot ratings 
either year (Table 15), These results might be due to the 
nature of the resistance of the two inbred lines which were 
used both years (B70, B14), and were comparable to those re­
ported by Krantz and Chandler (1951) and Stringfield and 
Thatcher (1947). Gupta and Renfra (1970) reported that in­
creasing plant density from 25,000 to 75,000 plants/ha failed 
to increase stalk rot ratings significantly. However, many 
investigators have reported that the severity of stalk rot 
increases with increasing plant density (Kruger et al., 1965; 
Doupnik and Vlysong, 1970; Wilcoxson and Covey, 1963; Mortimore 
and Gates, 1969). Bargida et al. (1975) have reported that 
Table 13. The sucrose levels (%) as affected by inbred lines 




S-20 S-45 S-45I 
B70 B14 B70 B14 B70 B14 
1976 
FO 9.36 5 . 6 8  8.30 5.98 8.79 5.17 
F-1/2T 8.94 5.50 7.40 5.09 5.73 4.39 
F-1/2B 9.41 5.93 7.81 7.36 8.17 5.77 
F-T 8.75 4.29 8.17 4.34 8.13 4.40 
F-B 9.41 5.33 7.65 7.91 8.01 5.89 
X 9.17 5.35 7.66 6.12 7.74 5.12 
C.V. 7.5 27.5 23.5 
1977 
FO 9.40 9.32 11.2 10.9 10.7 8.98 
F-1/2T 8.81 7.70 9.82 9.30 7.80 7.68 
F-1/2B 8.23 8.92 10.7 9.14 10.2 8.07 
F-T 6.86 7.49 9.53 7.91 6.58 6.98 
F-B 7 . 2 2  8.03 8.33 9.44 8.01 8.80 
X 8.10 8.29 9.91 9.33 8.66 8.10 
C.V. 12.5 14.5 21.4 
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Table 14. Correlation coefficients between defoliation 
treatments and stalk rot ratings, sucrose levels, 
or nonstructural carbohydrates (NSC) levels in 
1976 and 1977 
Defoliation treatments 
Sample 
time 1976 1977 
Stalk rot ratings S-45 -.17 .1 
Sucrose level (%) S-20 -.07 - .41* 
S-45 .08 —.47** 
S-45I .09 -.29 
NSC level {%) S-20 i
> I—f 1 
-.40* 
S-45 -.09 -.49** 
S-45I -.19 -.51** 
*,**Significant at 0.05 and O.Ol levels of probability, 
respectively. 
plant density increased the stalk rot ratings with moderately 
resistant and susceptible cultivars, but failed with resis­
tant cultivars. 
The interaction between plant density and inbred lines 
was not significant either year (Tables 19, 20). These re­
sults indicate that both maize density and inbred lines acted 
independently on stalk rot ratings. 
Table 15, Stalk rot ratings, sucrose levels, nonstructural carbohydrate (NSC) 
levels, leaf area per plant, and leaf area index as affected by plant 
densities in 1976 and 1977 
dlnlily Sucrose levels W) NSC levels (%) (5^ 2/ 




3.52 8.18 8.42 8.82 28.5 23.9 22.8 30.5 1.58 
P-2 3.53 8.12 7.60 8.00 25.8 25.1 25.6 34.1 3.52 
P-3 3.65 8.13 8.14 8.03 21.8 26.2 24.0 31.7 4.92 
X 3.57 8.14 8.05 8.29 25.4 25.1 24.1 3 2 . 7  
^0.05 NS NS NS NS 3.2 NS NS NS 
C.V. 11.9 8.23 17.3 17.3 11.3 11.0 13.3 5.02 
1977 
P-1 2.64 10.8 11.1 11.0 26.6 29.1 26.3 64.9 3.35 
P-2 2.75 11.0 11.3 11.1 24.7 28.3 2 6 . 4  64.0 6.62 
P-3 2 . 5 2  11.1 11.3 11.0 25.0 22.9 23.0 65.6 10.2 
X 2.63 11.0 11.2 11.0 25.6 26.8 25.2 64.9 
'0.05 NS NS NS NS 1.4 4.3 2.5 NS 
C .V. 12.4 11.0 4.6 6.3 5.7 10.9 16.9 
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Table 15, Stalk rot ratings as affected by inbred lines and 
ear removal in 1976 and 1977 
treatments B70 B14 B70 B14 
E 4.09 3.61 2.74 2.83 
EO 3.51 3.05 2.41 2.56 
X 3.80 3.33 2.57 2.70 
C.V. 11.9 12.4 
Table 17. Stalk rot ratings and leaf area per plant as af­
fected by plant densities in 1976 and 1977 
denïïty Stalk rot ratings., LA (dmVplant) 



























P-1 2.67 2.61 55.5 74.3 
P-2 2.72 2.78 61.7 66.3 
P-3 2.34 2.70 59.2 72.1 
X 2.57 2.70 58.8 70.9 
C.V. 12.4 20.0 
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Table 18, Stalk rot ratings as affected by plant densities, 





E EC E e o  
1976 
P-1 4.05 3.53 3.57 2.91 
F-2 4.44 3.67 3 . 3 0  2.67 
P-3 3.80 3.34 3.93 3.57 




P-1 2.78 2.55 2.66 2 . 5 6  
P-2 3.00 2 . 4 4  2.94 2 . 6 1  
P-3 2.44 2.24 2.89 2.50 
X 2.74 2.41 2.83 2 . 5 6  
C.V. 12.4 
Nonstructural carbohydrate (NSC) levels and sucrose levels 
as affected by plant density 
Increasing plant density decreased NSC level both years 
at S-20, but at S-45 and S-45I plant density decreased NSC 
level only in 1977 (Tables 15, 19, 20). The decrease in NSC 
level from lowest to highest plant density was 23.5% and 5% 
at S-20 in 1976 and 1977, respectively, and 21.3% at S-45, 
5 1  
Table 19. Mean squares from analysis of variance for stalk 
rot ratings, sucrose, and nonstructural carbohy­
drate (NSC) level, and leaf area per plant (LA) 








Replicates 2 0.25 0.23 0.87 
Plant density (p) 2 0.07 0.01 2.06 
Error (a) 4 0.78 1.32 0.88 
Inbreds ( I) 1 2.00 100.03** 0.31 
P X I 2 1.19 2.12 4.34 
Error (b) 6 0.33 0.50 1.81 
Ear (E) 1 2.91** 27.65** 86.21** 
P X E 2 0.081 0.32 1.36 
I X E 1 0.0003 0.42 0.69 
P X I X E 2 0.013 0.71 7.74* 
Error (c) 12 0.18 0.45 1.95 




S-45I S-30 S-45 S-45I LA 
3.43 2.40 17.04 14.39 3236.6 
2.60 135.78* 16.33 24.05 171315.43 
1.57 7.77 20.45 24.15 58328.1 
0.51 42.79 221.3** 340.71** 1774947.8** 
4.90** 50.57 7.58 2.82 64791.5 
0.39 16.54 13.91 9.07 37035.9 
26.7** 233.8** 328.5** 71.54* 235828.4 
3.23 12.04 9.90 0.18 82050.5 
1.22 4.88 13.14* 0.92 173212.7 
0.37 4.46 0.19 19.66 119922.9 
2.04 8.27 7.53 10.26 26974.8 
Table 20. Mean squares from analysis of variance for stalk rot ratings, sucrose, 
and nonstructural carbohydrate (NSC) levels, and leaf area per plant 






Sucrose level NSC level 
S-20 S-45 S-45I S-20 S-45 S-45I LA 
Replicates 2 0.033 0.012 0.26 0.24 0 . 9 2  6.55 6.12 46.0 
Plant 
density (D) 2 0.166 0.217 0.07 0.06 11.49* 136.1* 43.7* 9.3 
Error (a) 4 0.062 0.778 0.98 0.52 1.56 14.4 4.90 175.3 
Inbreds (I) 1 0.133 19.52** 0.141 1.24 105.06 515.66* 515.7 1466.9** 
P X I 2 0.141 0.40 0. 85 0 . 0 8  20.26 81,2 34.0 166.0 
Error (b) 6 0.306 0.153 0.75 0.31 19.62 27.4 62.2 71.9 
Ear (E) 1 0.831* 2 . 2 3 * *  0.70 0.51 33.06** 105.9** 8.27 0.4 
P X E 2 0.05 8 0.072 0.05 0.84 0.67 5.55 3.91 5.8 
I X E 1 0.008 0.072 0.13 0.22 3.06 36.5 64.67 1.5 
P X I X E 2 0.031 0.080 0.06 0.19 1.41 18.4 115.2* 2 3 . 4  
Error (c) 12 0.107 0.096 0.27 0.48 2.14 8.53 1 8 . 2 1  14.4 
*,**Significant at 0.05 and O.Ol levels of probability, respectively, 
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and 12.8% at S-45I in 1977, Maize plant density had a sig­
nificant negative correlation with NSC levels at S-20 in 
1976, and at S-45 in 1977 (Table 30). 
Maize plant density, did not affect sucrose levels in 
maize either year (Tables 15, 19, 20). This supports 
Williams et al. (1968) who reported that the concentration 
of soluble sugars in maize stalk was independent of plant 
density. 
Leaf area per plant (LA) and plant density 
Plant density did not affect LA either year (Table 15, 
19, 20). The LA was smaller in 1976 than in 1977. This 
might have been due to the hail damage which occurred at 
the beginning of 1975 season. These results were comparable 
to those reported by Bonaparte and Brown (1975). 
There was no interaction between plant density and 
inbred lines for NSC level, sucrose level, or LA either year 
(Tables 19, 20, 21, 23). These results indicate that both 
inbred lines and plant density act independently on NSC 
level, sucrose level, and LA. 
Stalk rot ratings as affected by ear removal 
Removing the ear reduced stalk rot ratings both years 
(Tables 19, 20, 21). Pappelis (1957), Michaelson (1957), 
and•Mortimore and Gates (1959) have all reported that 
removal of ears decreased stalk rot ratings, although 
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Table 21. Stalk rot ratings, sucrose levels, and nonstruc­
tural carbohydrate (NSC) levels as affected by 







Sucrose levels NSC levels 
s - 2 0  S-45 S -451 S-20 S-45 S-45I 
1976 
E 3.85 7.27 6.51 7.42 22.8 22.0 2 2 . 7  
EO 3.28 9.02 9.60 9.15 27.9 28.1 25.6 
X 3.57 8.14 8.05 8.29 25.4 25.1 2 4 . 1  
.05 0.31 0.49 1.01 1.04 2 . 0 9  1.99 2 . 3 2  
LSD ^ 0.43 0.68 1.42 1.46 2.93 2 . 7 9  NS 
C.V. 11.9 8.2 17.3 
1977 
17.3 11.3 10.9 1 3 . 3  
E 2.79 10.7 11.1 10.9 24.6 25.0 2 4 . 8  
EO 2.48 11.2 11.4 11.1 26.6 28.5 2 5 . 7  
X 2.54 11.0 11.2 11.0 2 5 . 6  2 6 . 8  25.1 
.05 0.24 0.22 NS NS 1.1 2.1 NS 
l s d . 0 1  w s  0.32 NS NS 1.5 3.0 NS 
c . v .  1 2 . 4  2 . 8  4.6 6.3 5.7 10.9 16.9 
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Table 22. Nonstructural carbohydrate levels (%) as affected 





S-20 S-45 S-45I 
B70 B14 B70 B14 B7G B14 
1976 
P-1 28.5 22.3 2 6 . 8  21.0 26.3 19.4 
P-2 28.5 21.6 28.0 22.1 28.2 23.1 
P-3 29.3 22.0 27.8 2 4 . 7  27.3 20.7 
X 28.8 22.0 27.5 22.6 27.3 21.1 
C.V. 11.3 10.9 
1977 
13.2 
p-1 28.9 24.4 31.5 26.1 31.6 20.9 
p-2 27.4 22.0 30.0 26.6 28.5 24.4 
P-3 2 5 . 7  2 5 . 2  2 9 . 6  1 6 . 2  2 7 . 0  19.1 
X 27.3 2 3 . 9  30.5 23.0 29.0 21.5 
C.V. 5.7 10.9 16.9 
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Table 23. Sucrose levels (%) as affected by plant densities 




S-20 S-45 S-45I 
B70 B14 B70 B14 B70 B14 
1976 
P-1 9.67 6.69 8.06 8.77 8.22 9.43 
P-2 10.3 5.97 8.20 7.01 8.59 7.41 
P-3 9.49 6.77 7.63 9.90 8.41 7.66 
X 9.81 6.48 7.96 8.15 8.40 8.17 
C.V. 8.2 17.3 17.3 
1977 
P-1 11.7 9.93 11.4 10.9 11.3 10.8 
P-2 11.5 10.5 11.4 11.1 11.2 10.9 
P-3 11.9 10.3 11.0 11.5 11.1 10.8 
ic 11.7 10.2 11.3 11.2 11.2 10.8 
c . v .  2.8 4 . 6  6.3 
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the differences were not significant. Decreasing stalk rot 
ratings by removing the ear might be due to NSC level in­
creased in the basic internode of maize stem, and delaying of 
nodal and whole plant cell death (Pappelis and Katsonos, 
1969). Koehler (1953) stated that plants with ear removed 
greatly reduced incidence of infections of stalk rot. He 
reported that defruited plants remained green until harvest, 
and greatly reduced nodal infection. 
There were no stalk rot rating interactions between ear 
removal and inbred lines, ear removal and plant density, 
or plant density, inbred lines and ear removal, either year 
(Tables 16, 18, 19, 20). These results indicate that plant 
density, inbred lines, and ear removal act independently on 
maize stalk rot disease. 
Nonstructural carbohydrate (NSC) level as affected by ear 
removal 
Removing ears increased NSC level in maize stems both 
years at all sample periods and inoculation levels, except 
for S-45I in 1977 (Tables 19, 20, 21). The increase in NSC 
level due to ear removal was 22.4%, 27.4%, and 12.4% in 1976, 
7.8%, 13.7%, and 3.9% in 1977 at S-20, S-45, and S-45I, re­
spectively. Removing ears had a positive correlation with 
NSC level both years for all the sample periods, and inocula­
tion levels, but was significant at 0,05 level of probability 
only in 1977 at S-20 and S-45. 
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Sucrose level as affected by ear removal 
Ear removal increased sucrose level in all sample periods 
and inoculation levels in 1976, but only at S-20 in 1977 
(Tables 19, 20, 21). The increase in sucrose level due to 
ear removal was 24.1%, 47.5%, and 22.4% in 1975, 4.7%, 2.5%, 
and 2.2% in 1977 at S-20, S-45, and S-45I, respectively. 
There was no interaction between ear removal and inbred 
lines or ear removal and plant density when considering either 
NSC level or sucrose level (Tables 19, 20, 21, 23). These 
results indicate that inbred lines, plant density, and ear 
removal act independently on NSC level and sucrose level. 
The interaction among plant density, inbred lines, and 
ear removal was significant at S-45 in 1976, and S-45I in 
1977 (Table 27). 
The differences between 1976 and 1977 results might be 
due to the drought before the grain filling period in 1977. 
This drought resulted in poor ear formation and poor grain 
filling. Therefore, the amount of sugars translocated from 
the leaves and stem to the ears was lower in 1977 than in 
1976. The drought occurred after the grain filling period in 
1976. 
Moss (1962) showed that removing ears or preventing 
pollination causes maize leaves to remain green.until the 
end of the season. They also had higher CER than leaves of 
plants with ears. He also found that prevention of pollina­
tion increased the sugar concentration in the stalks. Similar 
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results have been reported by Allison et al. (1975b), 
Bunting (1975), Pappelis (1957), and Campbell (1964) for corn, 
Mandahor and Garg (1975) for wheat, and Broadhead (1973) for 
sorghum. 
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Table 24. Nonstructural carbohydrate levels (%) as affected 
by inbred lines and ear removal in 1976 and 1977 
S-20 S-45 S-45I Ear treat- — 
ments B70 B14 B70 B14 B70 B14 
1976 
E 26.0 19.6 23.9 20.2 26.0 19.5 
EO 31.5 24.3 31.2 25.0 28.5 22.6 
C.V. 11.3 10.9 13.3 
1977 
E 26.1 23.2 29.8 20.3 29.9 19.6 
EO 28.6 24.6 31.3 25.7 29.3 23.3 
C.V. 5.7 10.9 16.9 
Table 25. Sucrose levels (%) as affected by inbred lines and 
ear removal in 1976 and 1977 
.  B a r .  s - 2 0  S-45 S-45I 
treat-
ments B70 B14 B7G B14 B7G B14 
1976 
E 8.80 5.90 6.55 6.46 7.73 7.12 
EO 10.8 7.20 9.37 9.83 9.08 9.12 
C.V. 8.2 17.3 17.3 
1 a "7 "7 
E 11.5 9.94 11.2 10.6 11.0 10.8 
EO 11.9 10.5 11.3 11.4 11.4 10.9 
C.V. 2.8 4.6 6.3 
Table 26. Nonstructural carbohydrate level (%) as affected by plant densities, 
inbred lines, and ear removal in 1976 
Plant S-20 S-45 S-45 S-45I 
density _ gyp B14 B70 B14 B70 B14 
ment E ISO E EO E EO E EO E EO E EO 
p-1 27.7 31.3 18.1 26.6 24.3 29.3 19.5 22.5 24.6 27.9 18.2 20.7 
P-2 25.3 31.8 20.1 23.2 24.0 32.1 19.3 24.9 26.0 30.3 22.8 23.5 
P-3 27.1 31.4 20.8 23.3 23.4 32.2 21. 8 27.6 27.3 27.2 17.6 23.8 
X 26.0 31.5 19.7 24.4 23.9 31.2 20.2 25.0 26.0 28.5 19.5 22.7 
C.V. 11 .3 10. 9 13 .3 
Table 27. Nonstructural carbohydrate level (%) as affected by plant densities, 
inbred lines, and ear removal in 1977 
Plant S —20 S—45 S—45% 
density g-yo B14 B70 B14 B70 B14 
treat-
ment E EO E EO E EO E EO E EO E EO 
p-1 27.9 29.8 23.7 25.2 30.3 32.7 22.8 29.3 32.7 30.6 18.0 2 3 . 8  
P-2 26.5 2 8.3 21.3 2 2 . 8  28.6 31.3 25.4 2 7 . 8  25.8 31.2 25. 8 23.1 
P-3 23.8 27.6 2 4 . 7  25.8 3 0 . 6  28.6 12.5 19.9 31.3 22.8 15.2 23.0 
X  26.1 28.6 23.2 24.6 29.8 30.9 20.2 25.7 29.9 28.2 19.7 23.3 
C.V. 5.7 10.9 16.9 
Table 28, Sucrose levels (%) as affected by plant densities, inbred lines, and 
ear removal in 1976 
Plant S-20 S-45 S-45I 
density g-yg B14 B70 B14 B70 B14 
treat- — 
ment E EO E EO E EO E EO E EO E EO 
p-1 9.10 10.2 5.88 7.50 7.75 8.37 6.72 10.8 8.10 8.33 8.98 9.88 
P-2 9.20 11.3 5.07 6.83 6.62 9.78 4.90 9.12 7.32 9.87 6.10 8.72 
P-3 8.18 10.8 6.18 7.36 5.29 9.96 7.77 9.56 7.77 9.04 6.29 9.03 
X 8. 83 10. 8 5.71 7.25 6.55 9.37 6.46 9.83 7.73 9.08 8.11 9 .21 
C .V. 17. 3 17. 3 17 .3 
Table 29. Sucrose levels (%) as affected by plant densities, inbred lines, and 
ear removal in 1977 
Plant S-20 S-45 S-45I 
density B14 B70 B14 B70 B14 
treat-
ment E EO E EO E EO E EO E EO E EO 
p-1 11 .5 11 .9 9.76 10. 1 11. 3 11 .5 10.5 11 .2 11. 3 11 .4 11. 2 10.4 
P-2 11 .2 11 .9 H O
 
H
 10. 8 11. 4 11 .4 10.9 11 .3 11. 0 11 .4 10. 7 11.2 
P-3 11 .8 12 .0 9.97 10. 7 10. 9 11 .2 11.4 11 .6 10. 7 11 .4 10. 5 11.1 
X 11 .5 11 .9 9.94 10. 5 11. 2 11 .4 10.9 11 .4 11. 0 11 .4 10. 8 10.9 
C.V. 2 .8 4. 6 6 .3 
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Table 30. Correlation coefficients between plant density or 
ear removal and stalk rot rating, sucrose level, 
nonstructural carbohydrate (NSC) level, or leaf 
area per plant (LA) in 1976 and 1977 
1976 1977 
Sample Plant Ear Plant Ear 
time density removal density removal 
Stalk rot 
ratings S-45 .08 .44** .13 .40* 
Sucrose (%) S-20 -.01 .43** .12 .28 
S-45 -.05 .74** .09 .21 
S-45I -.20 .54** -.08 .18 
NSC (%) S-20 -.54** .50** -.16 .30 
S-45 .19 .60** -.39* .27 
S-45I .01 .30 -. 20 .07 




Inbred lines varied in CER both years. This gave me the 
opportunity to find a correlation between CER and stalk rot 
susceptibility. Reducing the PPFD levels of measurement in 
1977 reduced CER in all inbreds. The ranking of inbreds as 
to CER at different PPFD levels did not change significantly. 
This means that the relationship between stalk rot suscepti­
bility and CER would not vary when CER was measured at dif­
ferent light levels. 
The CER range was comparable to those reported by 
Crosbie (1975) and Heichel and Musgrave (1959). Usually C4 
crop species (such as maize) have been considered capable of 
higher CER than C3 species. The 16 inbred lines, however, 
did not exhibit a higher CER than those reported for alfalfa 
(Pearce et al., 1959), oats (Criswell and Shibles, 1971), 
or soybeans (Dornhoff and Shibles, 1970). 
The inbred lines varied in stalk rot rating in 1977, 
but did not in 1976. These differences may be due to the hail 
damage and drought conditions during grain filling which 
occurred in 1976, Pappelis (1970) reported that injuries to 
plants change the rate of cell death which is accompanied by 
a similar change in stalk rot response. 
Using the average of the two years, the inbred lines can 
be ranked according to their reaction to Diplodia stalk rot» 
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resistant (Cl03, B57, B14, B73), moderately resistant (B76, 
B67, B2, 187-2), moderately susceptible (Wf9, B45, B77, 0h4l), 
and susceptible (N7a, B70, 0S420, Va26). The inbred lines did 
not react to Diplodia stalk rot in the same way both years. 
For instance, Wf9 was resistant to Diplodia under non-
irrigated conditions but was susceptible under irrigated con­
ditions. B57, and B2 were moderately susceptible under dry 
conditions and resistant under irrigated conditions. However, 
it is well-known that the severity of stalk rot due to 
Diplodia may differ considerably in different years or in 
different locations in a given year (Pendleton et al., 1951, 
1952), indicating unequal influence of environmental condi­
tions on this fungus. 
The inbred lines varied in NSC levels both years except 
at S-45I in 1976. Sucrose levels varied both years also 
except at S-20 and S-45I in 1976. The differences between the 
two years' results may be due to the differences in the en­
vironmental conditions. The hail in 1976 damaged some leaves 
and the number of damaged leaves might differ from one inbred 
to another. This could affect the NSC and sucrose levels. 
Singh and Nair (1975b) found similar effect of different 
environments on dry matter accumulation in stem, leaf, blade, 
and midrib. The results from this study showed that NSC 
levels and sucrose levels declined more under nonirrigated 
conditions than under irrigated conditions. Some inbreds 
declined in NSC levels and sucrose levels during the grain 
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filling period while others did not. Many investigators have 
reported little or no change in stem weight after flowering 
(Allison, 1971} Allison and Watson, 1966; Van Eijnatten, 1963). 
McAllan and Phipps (1977) and Allison and Weinmann (1970) have 
reported that soluble sugar concentration remains constant 
after flowering. However, Daynard and Hunter (1975), Jain 
(1971), and Hanway and Russell (1969) have reported that stem 
dry weight decreased during the period of ear development. 
There was no consistent relationship between CER, leaf 
area or CER times leaf area and NSC level or sucrose level in 
the stalk. These results were probably confounded by the 
variation in the partitioning of photosynthate among inbreds. 
The primary sink during grain fill is the ear and there were 
noticeable differences in ear size among inbreds. 
A correlation between CER and stalk rot ratings was found 
only in 1977 for Dinlodia. This low negative correlation 
gives an indication that inbred lines with high CER may be 
more resistant than those with low CER. This could indicate 
that inbreds with high CER are capable of maintaining high 
growth rates, reduced cell death rate,,and remain in good 
physiological condition until harvest which would decrease 
their susceptibility to stalk rot organisms. 
The relationships between Diplodia stalk rot and NSC 
and sucrose levels in the stem were not consistent. Sig­
nificant negative correlation was found in 1977 at all sample 
periods, and inoculation levels, but only was found at S-45I 
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in 1976, Similar results were reported by Contreras (1977) 
who found low and inconsistent correlation between soluble 
carbohydrate levels and Diplodia stalk rot development. A 
significant negative correlation between NSC levels and 
Fusarium stalk rot at all sample periods and inoculation 
levels was found in 1977. Timiti (1977) reported highly sig­
nificant negative correlations between percent soluble solids 
in stem and Fusarium stalk rot. It appears that a decrease 
in the sugar level is accompanied by a decrease in the 
physiological activity of the pith cells of the stalk. This 
is to be expected since carbohydrates are an energy source 
for cell metabolism (Bonner and Varner, 1975). 
Sucrose and NSC levels declined both years during grain 
fill (at S-45) in susceptible inbreds (0S420, Va26, N7A, and 
B70). This decline was more pronounced for sucrose than NSC. 
Resistant inbreds (C103, B14, B57, and B75) did not show any 
reduction in sucrose levels? and showed little decline in 
NSC. This indicates that resistant inbreds maintained high 
sucrose and NSC levels during the grain filling period which 
in turn reduced the spread of the fungus in stalk tissue. 
Mortimore and Ward (1964) also found that the drop in sugar 
levels was more pronounced in the susceptible plants than in 
the resistant hybrids. 
The inoculated plants showed a decline in sucrose and 
NSC (at S-45I) in resistant and susceptible inbreds. The 
decline was higher in resistant inbreds than susceptible ones. 
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This may be due to that resistant inbreds use high energy to 
restrict the fungus spread in stalk tissue than those used by 
susceptible inbreds. Vidhyasekaran (1974a) reported an in­
crease in ragi plants due to the infection by Helminthosporium 
nodulasum. This increase was higher in the susceptible variety. 
Experiment 2 
The photosynthetic capacities of the leaves are important 
in maintaining the stalk while the ear develops. Removing or 
damaging leaves by hail, insect, or diseases affects the crop 
productivity. Removal of leaf blades above the ear reduced 
NSC level by an average of 20%, and sucrose level by an aver­
age of 12%, Removal of leaf blades below the ear reduced NSC 
and sucrose level by an average of 11% and 7%, respectively. 
Therefore, top leaves were relatively more important than 
bottom ones in maintaining carbohydrate levels. This might be 
due to leaves near the bottom photosynthesizing less due to 
shading than those at the top. Also it might be due to in­
creased upper leaf efficiency in defoliated plants (palmer 
et al.5 1973; Allison et al,, 1975b; Krishnamurty et al., 
1976). Singh and Nair (1975b) and Singh et al. (1976) found 
that sucrose and reducing sugars levels declined significantly 
with increased defoliation, and that removal of any group of 
leaves adversely affected grain yield. Obviously significant 
reduction of leaf area will reduce both grain yield and stalk 
carbohydrates. 
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Defoliation did not significantly increase stalk rot 
ratings. No differences in stalk rot ratings were found by 
removing either top or lower leaves. The hail damage in 1976 
made it difficult to conduct the defoliation treatments which 
probably affected the 1976 results and caused higher stalk rot 
ratings than for 1977, The results indicate that stalk rot 
ratings of both B14 and B70 reacted the same way to defolia­
tion treatments. Gates and Mortimore (1972) found an increase 
in stalk rot ratings by removing leaves. He reported that 
upper leaves of resistant plants contributed more to stalk rot 
reduction than those of susceptible plants and attributed this 
to greater photosynthetic products. There was no indication 
of this in my experiments. 
Defoliation reduced NSC and sucrose levels in the stalk 
but did not increase the stalk rot ratings. This indicates 
that there was no relation between NSC and sucrose levels 
and stalk rot ratings. However, the control plants (no 
defoliation) had the lowest stalk rot ratings in 1977. 
Experiment 3 
Plant density reduced NSC at S-20 both years and at S-45 
and S-45I in 1977, but never reduced sucrose levels in either 
year. This reduction in NSC might be due to the competition 
for water, minerals, and light among plants in the plant 
i 
canopy. Increasing plant density reduces the amount of light 
intercepted by the leaves which reduces total plant CER. 
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Singh and Nair (1975a) found that increasing plant density 
from 60,000 to 90,000 plants/ha resulted in a decline of dry 
matter accumulation in different plant parts, though the 
decline was not statistically significant. 
Increasing plant density did not change stalk rot rat­
ings either year. This experiment was conducted both years 
under nonirrigated conditions. The results showed that B70 
is more resistant than B14 if the drought occurred before the 
grain filling period (as it was in 1977), and more susceptible 
than B14 if the drought occurred after grain filling period 
(in 1976), This may be due to the fact that B70 plants form 
larger ears than B14 under normal conditions and draw more 
carbohydrate from the stalk to the ear and thus increase 
stalk cell death and susceptibility to stalk rot. Gupto et 
al. (1970) found that increasing plant density failed to in­
crease stalk rot ratings. However, Timiti (1977) and Doupink 
and Wysong (1970) found that stalk rot increased with in­
creasing plant density. The differences between different 
studies might be due to the differences between the inbred 
lines used and the environmental conditions. 
Removal of ears from inbred plants increased NSC and su­
crose levels at all sample periods both years with few excep­
tions. Removal of the ear will cause photosynthetic products 
to accumulate in leaves and stems. McAllan and Phipps (1977) 
reported that removal of ears from maize plants after flowering 
was shown to cause an increase in leaf-soluble sugars and 
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starch compared to plants with ears. Allison and Weinmann 
(1970) and Bunting (1975) reported that soluble carbohydrate 
content of sterile maize was appreciably higher than that of 
fertile maize. Loomis (1934) found that the developing ear 
has first priority of the use of sugars produced by the 
plant. If the supply of sugars is not sufficient for both 
grain development and vegetative cell maintenance, grain 
formation is accompanied by senescence of the cells of roots 
and stalk, 
Removal of ears from inbred plants significantly reduced 
the stalk rot ratings both years. This might be due to that 
the defruited plants remained green and in good physiological 
condition until harvest. Also, it may be because the vigorous 
root growth continued throughout the growing season in de-
fruited plants while root growth is usually sharply curtailed 
after silking (Loomis, 1934). Similar results have been re­
ported by Pappelis (1957) and Koehler (1950). Pappelis et al. 
(1973) and Pappelis and Boone (1966) reported that both removal of 
ears and poor seed set delays nodal cell death and whole plant 
death which was well-correlated to plant resistance. 
Plant density did not change sucrose levels and slightly 
reduced NSC levels but did not increase stalk rot ratings. 
Ear removal increased sucrose and NSC and decreased stalk 
rot ratings. However, the correlation coefficient for carbohy­
drate levels and stalk rot rating was not significant either 
year. Low and negative correlation was found both years. 
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SUMMARY AND CONCLUSIONS 
The relationship between carbohydrate and stalk rot has 
been reported by many investigators# although the correlations 
have been low and inconsistent. The results from this study 
are in agreement with those results. The carbohydrates are 
the main energy source for plants to maintain the physiological 
processes which will affect the rates of cell death and the 
severity of stalk rot. Hence, the spread of disease or-
ganisms in stalks depend on senescence in stalk tissues. 
Data from this study demonstrated that s 
1. The 16 inbred lines varied in stalk rot ratings 
(Diplodia and Fusarium) in 1977, but not in 1976. 
2. The differences in results between the two years 
indicated that the environmental conditions could 
alter the severity of stalk rot. Stalk rot ratings 
in inbred lines were different under irrigated and 
nonirrigated conditions. The hail damage in 
1976 increased the stalk rot ratings and 
decreased the differences between inbred lines. 
3. The CER of inbred lines were different and were 
ranked the same in all environments. 
4. A low but significant negative correlation between 
CER and stalk rot was found in 1977 for Diplodia. 
Nonsignificant but negative correlations were found 
for other Diplodia measurements and for Fusarium. 
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The 16 inbred lines varied in NSC levels and sucrose 
levels both years, except for the inoculated plants 
(S-45I) in 1976. 
Sucrose and NSC levels declined with maturity for 
the 16 inbred lines, with few exceptions and this 
decline was higher for sucrose levels than for NSC 
levels. 
Low, significant, negative correlations were found 
between NSC level and Diplodia and Fusarium, stalk rot 
ratings at all sample periods in 1977, but only at 
S-45I in 1976. 
Low and inconsistent, negative correlations were 
found between sucrose level and stalk rot ratings. 
The drop in sucrose and NSC levels at S-45 was higher 
in susceptible plants than in resistant plants. 
Stalk rot organisms caused a drop in NSC and sucrose 
levels in stalk. This drop was higher in resistant 
plants than in susceptible plants. 
The relationships between CER and NSC and sucrose 
levels were different in 1976 than in 1977. The 
correlation was negative in 1976 and positive in 
1977. This may be due to the nonirrigated and irri­
gated conditions in 1976 and 1977, respectively. 
Leaf area per plant for the 16 inbred lines was 
quite different for both years. It did not affect 
stalk rot ratings either year and it had a negative 
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correlation with CER. 
13. Removing leaf blades above or below the ear did not 
affect the stalk rot ratings. However, the control 
treatment had the lowest stalk rot ratings in 1977. 
Both B14 and B70 reacted in the same way to defolia­
tion levels. 
14. Removing leaf blades above the ear reduced NSC and 
sucrose levels in the stems more than removing leaf 
blades below the ear. 
15. No correlation was found between NSC or sucrose 
levels and stalk rot ratings in this experiment. 
16. Plant density did not affect stalk rot ratings or 
sucrose levels either year. 
17. Plant density did affect NSC both years except at 
S-45 and S-45I in 1976. 
18. Removing ears decreased stalk rot ratings and in­
creased sucrose and NSC levels both years, except 
for plants inoculated with stalk rot (S-45I) in 
1977. 
19. A nonsignificant, negative, correlation was found 
between stalk rot rating and NSC and sucrose levels 
both years in experiment 3, 
Under the theory that carbohydrate levels in maize stalk 
can affect the spread of stalk rot organisms in stalk tissues, 
this study was conducted to relate CER to carbohydrate levels 
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and to stalk rot. Although I have been unable to relate 
CER and carbohydrate levels in stalks we were able to corre­
late CER to stalk rot in maize inbreds and to correlate car­
bohydrate levels to stalk rot ratings. However, more re­
search is required to document these results. 
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